
Project Approval Form 

This thesis, written by under the direction of their Thesis Advisor and approved by their 
Thesis Committee, has been presented to and accepted by the Dean of Undergraduate 
Studies, in partial fulfillment of the requirements for the degree BACHELOR OF 
SCIENCE IN ELECTRICAL AND COMPUTER ENGINEERING. 

..... A .. 1t .. 2:t. .... .J.� ....... r.kl.li 
Dr. 
Head, Department Electrical & 
C0!1J,PJter EngineerinA .... .cBUhru.D ........ JZA.MJ2o
Dr. De-;t�erin�J'fu� 

, Thesis C�ittee
. .  

J.}.l.t . .2<c. .. .,.4. t:.1-:fu. J .............. .
Dr. Mohammed Asmatullah Khan 

Supervisor 

..... A.li.:?r.. .... J:: ... !duJ� .. 
Dr . ........................ . 

Examiner 

Examiner 

EFFAT UNIVERSITY, SAUDI ARABIA 

3 



                                Effat University, Jeddah, KSA 
College of Engineering 

Electrical and Computer Engineering Department 

Oriented Diffusion Filtering for Enhancing
Low-Quality Fingerprint Images

 

A Capstone Final Report 

Presented by

Fahda AlGhalib

Raghdah Madani

Lojain AlHarbi

Faculty Advisor 

Dr. Mohammed Asmatullah Khan

Submitted in partial fulfilment of the 
Requirement for the Degree of Bachelor of Engineering

April 2016 

1



STUDENT PLAGIARISM: 
COURSE WORK POLICY AND PROCEDURE

COMPLIANCE STATEMENT
INDIVIDUAL /COLLABORATIVE WORK

I/We certify that:

I/We have read and understood the Effat University Student Plagiarism:
Coursework Policy and Procedure;

I/We understand that failure to comply with the Student Plagiarism:
Coursework Policy and Procedure can lead to the University commencing proceedings 
against me/us for potential student misconduct;

This  work is substantially my/our own, and to the extent that any part of this work is not 
my/our own I/we have indicated that it is not my/our own by acknowledging the source 
of that part or those parts of the work.

Name(s): Fahda AlGhalib, Raghdah Madani, Lojain AlHarbi

Signature (s): ………………………………………………………………………….

Date: …………………………………………………………………………………..

Unit of Study for which work is submitted: Electrical and Computer Engineering

Name of work submitted/unit component: Oriented Diffusion Filtering for Enhancing 
Low-Quality Fingerprint Images

2



Project Approval Form

This thesis, written by under the direction of their Thesis Advisor and approved by their 
Thesis Committee, has been presented to and accepted by the Dean of Undergraduate 
Studies, in partial fulfillment of the requirements for the degree BACHELOR OF 
SCIENCE IN ELECTRICAL AND COMPUTER ENGINEERING.

Thesis Committee
.......................................................
Dr. Mohammed Asmatullah Khan 

Supervisor

.......................................................
Dr. …………………….

Examiner

.......................................................
Dr. …………………….

Examiner

.......................................................
Dr. …………………….

Examiner

.......................................................
Dr. 
Head, Department Electrical &
Computer Engineering
.......................................................
Dr. 
Dean, College of Engineering

EFFAT UNIVERSITY, SAUDI ARABIA

3



DECLARATION OF COPYRIGHT AND AFFIRMATION
OF FAIR USE OF UNPUBLISHED RESEARCH

Copyright © 2011 by Effat University. All rights reserved.

PROHECT TITLE

No part of this unpublished research may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying, 
recording or otherwise without prior written permission of the copyright holder except 
as provided below.

1. Any material contained in or derived from this unpublished research may only be 
used by others in their writing with due acknowledgement.
2. Effat University or its library will have the right to make and transmit copies (print or
electronic) for institutional and academic purposes.
3. The Effat University library will have the right to make, store in a retrieval system 
and supply copies of this unpublished research if requested by other universities and 
research libraries.

Affirmed by Effat University.

……………………………. ………………………………………...
First student       Date …………..……………..

……………………………. ………………………………………...
Second student       Date …………..……………..

……………………………. ………………………………………...
Third student       Date …………..……………..

4



Abstract

The enhancement of low-quality fingerprint is desired to enhance the reliability of an au-
Tomated fingerprint identification system (AFIS). This can be accomplished by adopting
Anisotropic diffusion process for flow objects, referred to as Coherence-Enhancing 
Diffusion (CED). However, the performance of CED for low-quality fingerprints needs 
improvements.
This can be attributed to the computation of orientation field with the gradients. Gradient
Computations are noise-prone and will result in degraded performance. Recently, an idea
Has been floated to pre-compute the orientation field of a fingerprint image and then to 
feed them to a linear diffusion process to enhance low-quality images. The success of the 
linear diffusion process relies on the better estimates of orientation filed. To this respect, 
proposed work investigate a cluster-based approach to compute orientation filed with the 
help of di-rectional filter bank. The hypothesis put forth here is the thought that the 
robustness of the estimated orientation field will provide the linear diffusion filtering with
required robustness to enhance low-quality fingerprints effectively. This hypothesis is 
tested with the motive of getting an enhanced CED performance for low-quality 
fingerprints. The proposed scheme is validated using test data, and their numerical results
are displayed.
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Chapter 1

1.1 Introduction

The Automated Fingerprint Identification System (AFIS) is a type of biometric 

identification method that has the ability to scan fingerprint images into a database for 

storage and comparison to know the characteristic of a person. This database consists of 

all criminal information and fingerprints data. This system is simple and less costly which

could help the general identifications like, driver permit and criminal background checks 

before employment. Fingerprints are considered dependable identification biometric 

because of their uniqueness, universality and accuracy. Modern AFIS have to spread the 

concept of adaptive classifier. One likely relief to the use of adaptive classifier could be 

obtained with the deployment of front-end enhancement unit to remove any irrelevant 

detail that may be causing issues to the matching unit, referred to as noise. The 

fingerprint is made of ridges and valleys, where the dark line is a ridge and the area 

between the ridges are valleys. These patterns are used for fingerprint classification 

purpose as appeared in figure 1.
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1.2 Motivation

To improve the low quality finger prints for students who suffered using finger prints 

Machine and it’s not working with them.  

1.3 Objective

   Some major problems with acquired fingerprints can be identified as linear cuts, 
creases and bruises from an injury or granular noise present due to sensor electronics, 
and further-more, non-uniform contrast that is spread across fingerprint surface due to
uneven pressure applied while registering a fingerprint., therefore improving the 
quality of fingerprint images to provide a good fingerprint recognition used to 
overcome this problem. Fig. 2 shows a table of sixteen directional images with a clear
presence of clustered activity [1].
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Chapter 2

2.1 Literature review

  A fingerprint is a unique impression left by a human finger, it is considered as 

one of the most important technique used for identifying the person. This feature 

has been utilized successfully in many fields, for example, identification of 

criminal suspects, identification purpose, but the question is “how fingerprints are

compared?"

Fingerprints are compared by noticing the ridge attributes on two prints to figure 

out if or not they match as appeared in figure 3.
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Fingerprint low quality images contain a lot of noise where it should be removed without 

Affecting the structure. This operation is normally done in the Enhancement Stage to 

Build the precision of the image and make it high quality. The fingerprint indexing is a 

Technique of classifying fingerprint images into three Main Classes for all Fingerprints 

Based upon their patterns: arches, loops and whorls which are appeared in Figure 4 [3].
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The main elements responsible for class variations are displacement rotation, Partial 

overlap and skin condition. Enhancement methods are needed to enhance the nature of 

fingerprint images. However, the majority of the current Methods Work successfully on 

small databases, which cannot deliver results for Huge Databases.so the methods for 

enhancing coordinating results for large Databases are required. Core and delta, are 

important points for the classification of fingerprints. What are core and delta points? The

core is the center of the pattern area while delta points are the points from where three 

different patterns meet as shown in figure 5 [4].
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Briefly, while characterizing the fingerprints, we can make the assumption that if a 

Pattern contains no delta then it is an arch, if it contains one (and only one) delta it 

Will be a loop and if it contains two or more it will be a whorl. If a pattern does 

Contain more than two deltas it will be an accidental whorl. Lately, a new method 

Came about in an article [5], where authors pre-computes the local orientation of the 

Fingerprint ridge and valley structure, and then, use this data, to transform the popular 

Coherence-enhancing diffusion method (CED) [6] into a mathematically simpler and 

Greater oriented linear diffusion process for fingerprint image enhancement. 

Particularly applying another way to deal with low-quality images of the fingerprint 

Databases had proven to be a big success. The authors were able to show its 

Competitiveness with other state-of-the-art enhancement methods for fingerprints like 

Curved Gabor filtering [7]. The recognition performance and the computational 

Efficiency of the method propose to include oriented diffusion filtering as a standard 

Image enhancement add-on module for real-time fingerprint recognition systems. 

Moreover, the performance of oriented linear diffusion is dependent on the reliable 
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Extraction of Orientation field for a low-quality fingerprint image. Accordingly, the 

Issue of improving low-quality fingerprints is translated in essence to the problem of 

Extracting reliable orientation field for the image. Local direction for a given region 

Of a fingerprint can be assessed by applying orientation-selective linear filters. This 

Led to the development of Decimation-free Directional filter bank (DFB) structure 

That was successfully used for enhancing vessels in medical images and subsequently 

Ridges in fingerprints .A DFB structure is basically an array of directional filters that 

Breaks down the image into a stack of images (called directional Image), each one 

Holding linear segments with narrow orientation range, which results in its special 

Status among other filter bank variants, which is its directional selectivity. Local 

Orientations were computed by comparing point-wise energy measures across 

Directional images stack. However, these estimates were highly susceptible to noise. 

To improve estimates, orientations must be smoothed to come up with average 

Orientation over a neighborhood of significant size. The neighborhood must be 

Sufficiently huge to assemble orientations from different local orientations while at 

The same time it should be smaller than the distance over which the texture undergoes 

A major change. The appropriate size for executing the average process may differ 

Spatially as ones traverse the length and breadth of the image. To consider this space-

Varying neighborhood, a multi-scale method was adopted to add robustness to 

Orientation field estimation for local ridge flow. The approach provided an 

Improvement than its predecessors but is computationally costly [7]. 
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Chapter 3

Prototype description 

This research suggests an approach for ridge-flow structures in fingerprint images based 
on collecting information from clusters appearing in directional images. The following 
process may be used:

1. Pre processing

Because of skin conditions and incorrect fingerprint pressure, this will lead to 

background variations and poor contrast. To reduce them four stages are required.

The first stage is background homogenization of the input fingerprint image if the 

image was too bright or too dark. To remove it, a 33 median filter is used. 

The second stage is when there are some dark spots on regular ridge pattern, they 

will prevent the process of stretching the contrast. Therefore, a Gaussian filtering 

with  is chosen where the 6 size will do the job, as this size will remain inside the 

ridge width of almost 11 pixels. 

The third stage is the background images using a large 3333 median filter, which 

is constructed of three times the width of a ridge resulting in the square kernel. 

When this filter is applied to the pixels outside the region of the fingerprint, 

results are biased by the external light region. To overcome this problem, out of 

the region gray levels are replaced by the average gray levels in the region of 

interest. Then, the difference will be calculated between the image and the 

background. 

Let the image =f and the background =fb

D (x, y) =f (x, y)-fb (x, y) 

The fourth stage is the computation of foreground mask. The purpose is to avoid 

extraction of minutia in the background that is considered as a noisy area. This 

results in providing a region of interest that will save precious computational 

resources. Figure 11 shows the preprocessing stages.  
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2. Bandpass directional filter

The Fourier transform of a fingerprint image exhibits a ring around the origin of 

the frequency coordinate in the Fourier spectrum because the ridge- valley 

patterns are quasi-periodic structures and present a dominant frequency in most 

directions with an almost uniform modulus. This provides justification for an 

appropriate band pass filter to be used. The bandpass filter can also be further 

justified by noticing the fact that low spatial frequencies are influenced more 

firmly by illumination impacts than surface coloration, so they are inappropriate 

to measure textural anisotropy, and high spatial frequencies are sensitive to noise 

and aliasing effects, so they too are inappropriate. Thus, some kind of roughly 

bandpass filtering is required.
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By observing the Fourier transform of a block of an image, the intensity patterns 

made by an anisotropic process such as the one found in fingerprints, variety in 

the flow direction is much slower than variety in the perpendicular direction. The 

directional energy will tend to cluster along the line in the Fourier domain 

perpendicular to the flow orientation at each point [8]. A direct way to identify 

this clustering is to sum the energy along that line in the power spectrum and 

examine how the sum is influenced by rotations. More conveniently, this can be 

accomplished by analyzing the energy in the output of an appropriate bank of 

orientation-specific bandpass linear filters covering the [0 -π] range. The 

directional filter with greatest energy provides the most likely estimate of the 

local orientation that would be perpendicular to the flow direction. This leads to 

the necessity of employing directional bandpass filter.

It is chosen to perform directional Fourier filtering using polar coordinates. In a 

fingerprint image processing, one has the benefit of a well-defined local 

frequency information. The immediate neighborhood of every pixel contributes 

(to the rst approximation) a single frequency component. Its distance from the 

Fourier origin is determined. For computing, the average local frequency of a 

fingerprint image, a block-based strategy as advocated by Hong [9] is utilized. 

The methodology is to center the passband of the directional filters around that 

frequency component. This filter passes the ridge data while eliminating most of 

the noise, since noise is not restricted in the same way as the ridge information.

It is, obviously, important that real minutiae are not discarded as noise. The 

evaluations conducted here revealed that this does not occur. Now the process 

goes on to the filtering area in which it was decided to separate the filtering into 

sixteen polar filters, going from 0, ,

                           H () = H radial () H angular)

For designing H radial ( the Butterworth filter was chosen.
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Where   and  are the desired bandwidth and center frequency. For designing, 

Knutsson et. al. [10] used the following function in their development of 

directional kernel, defined by

19



3. Directional filtering for fingerprint

    A fingerprint image f(x, y) is decomposed using Directional Filter Bank in a 

number of directional images fi(x, y), where  corresponds to orientation associated

with each directional image in the range, that uniformly covers the range  Upon 

examination of directional images, it can be observed that energy in the original 

image manifests itself in the form of spatial clusters distributed among directional 

images with different proportionality. The measure of proportionality from a local

cluster associated with a given directional image provides clues to the local ridge 

orientation. Two directional images are displayed in Fig. 13. The frequency 

response of the Bandpass Directional filter is shown next to the Directional 

images they created. The first directional image shows one cluster, whereas the 

second directional image clearly displays two clusters, isolated from each other. 

In both images, apart from these clusters, rest of the image contains no significant 

activity.
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4. Cluster identification on directional image 

    To achieve final orientation estimate in a linear combination framework,   

There is a need for strength measures associated with each directional image. 

The strength measure can be calculated by averaging energy inside clusters. 

For this purpose, clusters have to be identified. Clusters are defined to be 

Spatially proximate connected regions inside a directional image with a 

Criterion of homogeneity. To create the regions of homogeneous intensity for

A directional image, help is sorted from local energy operator.
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5. Linear combinations of directional image orientations

     Each directional image got segmented into m clusters, i.e. Ri, where i = 1, 

2…, these clusters satisfy the properties that each cluster Ri is a connected 

Region, And Ri \ Rj For all i = 1, 2…, m. All members of the cluster in a 

Directional Image fi(x; y) are provided with a single measure of strength in the 

Form of a Numerical number. The strength number is the result of averaging 

Local Energies of all the member pixels belonging to that cluster. The same 

Process is repeated for all the m clusters found in a direction image. This 

Process is illustrated in Fig 14. Three different clusters are identified in the 

Directional Image, first is yellow colored, second is white colored, and the 

Third is the largest one with black color. 
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6. Contrast enhancement of segmented directional images 

   When segmenting the directional images for low-quality fingerprints, the problem 

Arises in the local energy maps associated with directional images. The energy 

Images are not adequately segmented due to the lower contrast of the clusters. One 

Possible way to rem-edy is this is to adopt block-based adaptive contrast 

Enhancement, called Contrast-Limited Adaptive Histogram EqualizationCLAHE. 

This is illustrated in the Fig15. The left figure shows a poor contrast for possible 

Cluster identification. The region growing algorithm is going to miss most of the 

Active texture area here. The relief has been sought by employing CLAHE on the 

Energy image, resulting a better contrast for the image shown in the right figure.
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7. Oriented diffusion   

   The proposed orientation field estimation, when used for low-quality images 

Of the database, certain areas provides discrepancies in the smooth orientation 

Flow. This oc-curs in-spite of filling numerous holes that were present in each 

            Directional images. The low amplitude status of the texture at these locations 

            Could be one plausible reason for this er-ratic behaviors. The directional 

            Images were unable to pick significant energy at these spots. What remains to 

            Be done is to perform a final clean-up of the orientation map, constructed in 

            The last step. Due to many reasons, such as lack of proper segmentation, some 

            Clusters sizes could not be identified properly, the local deviations can be 

            Straightened with an averaging process. Let us call It Orientation smoothing. 

            For this purpose, we need to develop a multiscale Representation for our 

           Orientation field, same as used to be done for intensity diffusions.
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Chapter 4

Design and analysis 

Fingerprint identification system works using oriented diffusion filtering method for 
enhancing low image quality.

The system contains different subsystems, all systems depend upon each other.

 Pre-processing

 Directional filtering for fingerprint

 Cluster identification on directional images

 Linear combinations of directional image orientations

 Contrast enhancement of segmented directional images:

 Oriented diffusion 

                                                                         Figure 11: block diagram
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Chapter 5

Results and discussion 

Figure 12: Need for post-processing: Fig. (a) shows one of the low-quality fingerprint from from database.
fig. (b) displays the resulting orientation field. Black ellipses shows particular areas of the orientation field
where orientations are not aligned with the general flow.
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Chapter 6                                                                                          Project management 

6.1 cost estimates 

item supplier Catalog no# Quantity price total

Fingerprint
scanner

      Digital persona  #u are u 4500

#u are u 5160

             2       800      1600

                                          Table 1: Cost Estimation for Hardware

6.2 timeline

Tasks 2/A
pr/
201
6

9/Apr/2016 16/Apr/2016 18/Apr/2016 1/May/2016 15/May/2016

GUI

Programming 

Testing 

Final report document

Final power point 

Final minutes report 

                                                            Table 2: timeline 
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6.3 risk assessment 

    Critical part of the project is to understand and asses constrains, risks and limitations that 

could hold back the progress of this project. Many risks might be encountered such as 

shortage time, resources accessibility and the other course work. As the capstone project must

be completed by the end of spring semester, clashes between completing BSc degree and 

capstone project can arise, Project management plan needs be set to allocate the time wisely 

between coursework and the amount of time dedicated to complete this project. Another time 

constraint including the limited time to meet the project supervisor. Ensuring strong 

communication with the professors, pre-scheduled appointments and well defined timeline 

for the project could solve this issue and eliminate the risk of the project being on-hold for a 

long period.
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Chapter 7      Conclusion

 
7.1 summary and conclusion 

In conclusion, this research represents the second part of our capstone. Fingerprint 
enhancement system is one of the most important systems especially for those who have 
skin diseases. Overall, new lessons were learned and the objectives were met. 
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